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The purpose of this mr is to review the applications and wes of isotope 

and radiation technology in the -or foreign countries of the world in their 

wood, pager and pulp indwtrles, and to thereby help define directions of 

profiterble use of these new tecbniqtzes for their American counterparte. Thir 

paper will not cmr U.S. developments in these area8 in detail, since these 

topicr the subject of all the remsinw paper6 of this conference. The 

information contained herein is compiled from some 70 foreign reference8 in 
' ) 3: 

f' this field, obtained through the cooperation of the Lib- of Congress and 

the U.S. -t of Agricature. ~ch of this inionnation is 

from the Library of Congrerrs which monitors the world foreign 

radioisotope6 and radiation technology on a continual baais, 

to our Division. The product is in the form of a 3" x 5" file CXUYI -- on 
article per card, abstracted and translated. 

uc 

Some 1,OOO 

avaimle per year at an annu~l saecription rate of $50 per year.' 

Introduction 

Forests covering about 30$ of the world's area are ecosystem which 

constitute very complex interrelations between native planto and animale, # i 
Taper presented at the conference on "Nuclear Application8 to the Wood, 
Papsr and Pulp Industries," Washington State University, Pullman, Washington, 

) April 23-24, 1964. 
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litter and soil, and whose chief importance for man lies In the sum tom of 

timber resourcar and forest products. 

The importance of the wood, paper and pulp induatriee In OUT national 

economy Is given by the folloxing facts: 

billion dollars of the eetimsted U.S. Grose National Product relate to the 

timber-based economic sctivltiee.2 The value of the stumpage (out-eWhg 

tiaiber) is eetfmated at one billion dollars to which two billion are added in 

harvesthg. The production vsl~lle of primary tiPiber products (lumber, veneer, 

plyWood, FLLllroad ties, floorings, etc.,) le estmted at five billion 

dollars and that of secondsry timber product8 (pulp, pager, paper-board, mill- 

30 billion doUars of the 600 

( 

work, cooperage, containers, prefabrlccrted mod productr, fumltm, naval 

stope69 charcoal, wood distillation products and chemicals, cellulose 

plastics and fibers, lignin, etc.) at seven billion dollam. 

c 
Construction work of wood Is eetlmated at elght billion and marketing and 

transportation costa at sevenbillion dollars. 

timbsr-baaed economic activities can also be 3- from the fact that of 69 

The nationsl inrporknce of 

million employed people more than three million were enguged in 1963 in 

timber-baaed actlvitlelr. 

However large theae figurea appear, the impsct of forest rewurces on 

thq economies of cmtrierr such as csnada, Sweden, Finland, the M, and 

I Brazil is much mater so that 8 rstional tt%ilieation of forest resources, 

inultding the u8e of nuclear radistion and radloleotapas, should play a su- 

-nl$kant role in these countries Snd, in addition, could contribute 8 pat 

_dea;t to uplift- the economies of poverty-rtricken trapid countries 

.t 

*+-88h& rich fOPe& r88OUrCOB. 
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In contraat to the value extracted fram our foreats stands the 

waste involved in their utilization since only 6~$ of the cut stmnpclge i~s 

converted into uaef'ul products and the rest lost a8 vrrete or is ummrket6ble. 

Oi the total foreat M, in the mited states, of 760 miU.ion acres ow 

50 pii~ion azo comaercisl forerrte and of ths latfer 2Q$ (aroatu hardwo~d 

forests) have so low grade tirnber that -- again, under the prevailing 

condition -- it does not pay to cut and market it. 

of our tot&. tiniber resources muat be conridered I;lzrproductive at the present 

tlm. Although emm of thi6 land. lpsy have so3118 recreational value, mat of 

it occupies spsce that could be uaed for growine useful forests or for 

other agrictiltursl utilization. 4 

'J!hua, qpproxinmtely 4s 

The problem of the ulllelesrr forest stand8 18 a major consideration 

in thi8 psper and it lpay be hoped that it could be at leaet partially solved 

by new uses fotmd for nnmu;ketable timber through the application of high 

energy radiation. AIS a matter of fact, use of rsdioisotapes and radiation 

haa the potential of increasing the yield and impro- the quality and use- 

Fulness of piractically all forest products since the effects of radiation on 

these lignocenulosio materials is rather pronounced.5 

Radiation can be wed at 8ll etages of growth, ettwting from the seed- 

ling through foreat growth, harvest, and the manufacture of primary and 

secondary forest product8 until the finished paper or textile fibre to 

which it could impart speclial desirable characterl8tice. 

cation of radioisotopes or radiation should and does begin even before the 

Actually the appli- 

forest is planted. 

u8- neutron abeorption. 

Soil humidity can now be checked by numemu8 methods 

"he presence and amount of essential nutrients 

\ I0582bA 
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present only In trace mounts can be established by neutron activation analysis. 

The physical properties of forest soils, such a8 compaction or density, can be 

explored by means of gamma rsdiatlon. 

The very important wind pollination of coniferow trees can be studied 

by tagging the pollens with phosphorus-32 via biosynthesis and setting rq, 

pollen trapr, the activity of which would indfcate their average dispersion. 

The exchsnge of solbterpanean materMs and translocation of nutrients have 

already been stpdied by Swedish scientirts7r8, while American scientists 

have lntnetigated the breakdown of forest litter with radioimtope~~.~ 

6 

while ab~rt semnte of the tinher based bdustrles have used radi- 

ation and radiOisOtqpe8, the widest use of these new technique6 is mede by 

the pulp and paper industry of thir and many other indwmtrially progreerive 

coul~tries. hng the 20 major indaetriee of the United Stabs urrlng radio- 

isotope8 the pager industry is one of the leaders in the application of 

nudeax radiation and radioisotopes for indurrtrial ptlrpoues, according to 

the 1959 6tudy made by the Hattonal Industrial Board in Hew York and 8s 

repopted In e caaadian 

u8e Of rsdioisotopeu was reported by 99 pqer manllfacturfng companies of 

~Uch 93 achiaved comidereble saving (alillost $3,000,000) throe the urre 

In a I2 month period during 1957-58,the 
7 

of rdioilrotc~per. 

Increased only about =$ above the high level of 10 billion dollars from 

While the market vshe of mer and allied ppoducts hf~ 

1957 to the present time, the application of radioieotoper has, according to 

estimstes of paper specialiatrr in the U.S. Depastment of Coaaeuerce, at leart 

doaled and sttained a two-fold incream in the IlSvlng~.~~ 
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For thie reason the present paper, while covering the use of radietion 

and radioimtape6 in the met important timber-bscred industries, will place 

mor emrpherricl on develupnmntm in the pulp and mer industry. 

dustry has been 8 pioneer in the industrial agp-tion of nuclear science, 

This in- 

In this paper the followbqg suibject areass will be specifically covered: 

Pgplication of Radioleotupes and Radiation in Silviculture and Lunibering, 

Wmm-Ray Irradiation of Wood, Radiological Ekamination of Wood  product^, and 

the Use of Radioi~0tope6 asd Raddatlon in the pulp and Peer Induetry. 

AFF'LICA!fIOI OF RADIOI8oTopEI AND RADIllTIOll IN SILVICTJEPURE AND LllMBHuno 

1. 

The peculiar feature of eilviculture is the fact that its main object, 

Determination of Am of Trees 

-) nsmely the stand of living trees, constitute8 both productive machinery 

(cspital) and produced yield (interest). Careful jwlgment must therefore 

be exercised to obtain the optimum yield without dlmbishing the capital. 

This goal can only be attained through maintenance of a growing stock With 

correct age, species, diameter, and quality distribution of the trees. 

in this vag. Will the best yield be obtained in perpetuity for harvesting. 

Only 

In 

oder to pr~vi& a stand msintained for an 80 year rotation period, the age 

of the tree6 must be known. An exact measurement of the elapse of time can 

be attained with u6e of radioisotopee; this method waf# introduced by Willard 

C. Libby who determined the 8ge of natural and man-made products by deter- 

lain- their carbon-14 content.= Although the decay period of radiocarbon is 

much too loag (5760 years) and applicable only to organic materiale that no 

longer assimilate, ehorter lived radioisotopes such 88 tritium - xith a -re 
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convenient half-life of 12.36 yearsl3 could be injected into treerr to help 

determine age of trees non-dertructively. 

2. Determination of Wood Soundness, Grading and HarPestiq 

The health, vlgor, and quality of standing timber cannot always be 

detected by Its otrtwsrd appeertrnce since the living tree me;y not show any 

defects and get could be rotten in the core. 

should not be harveeted only to see whether it may be diseased would defeat 

its own purpose. 

to discover invisible defects. 

this pmose.Ilc Rsdiogrrrphical techniques, developed Ubr, allowed not 

only the detection of cavities and stmctural alteration6 caused by 

dlmase, -1 or insect8 but also a caref'ul aaalyels of the opacity of tihe 

wood tissues to gmmms-pays gave an insight to understadbg the normal and 

pathological anatomy of the tree and permitted further deterppinstion of 

To cut a healthy tree that 

Consequent4 only non-destructive teeth& should be wed 

In this country, X-rays were used first for 

the &mt& mity Of tbe Flood asd it6 -&C snd bdU8tm CharaC- 

tefi8tiCS.15 & mite Of it8 tl8efUbeS8 thC x-ray nethod has mSny Short- 

ccrminga, euch a8: 

X-~ay field and the cyllndriosl shape of the tree plus the need for elec- 

trical cturept supply and related heavy power sapply which cannot be easily 

trsnrrportsd Vithin very dewe forests. 

of a method for nonderrtmctive testing of living tree6 by &amme radiography 

by the Jap3tW.e 6cienti~t loorlyoshi Liz- removed the greatest impe-ts 

to the rure of tree irradiation techniques in forest mmeamh and -nt. 

This 8- lima made to detePmine whether trrrnks of Todo-firs (Able8 maYrisaS) 

the distortion of the picture due to the pattern of the 

The sribsequent developmt in 1956 

16 

are decayed in their natural state. Using gama-rays of 

ratemeter he lzmsdierted tree trunks at different height8 

and LL portable 

and under different 

c 

c 
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- angles and used the formula: 

where 5 is the meem count nmiber, n the nwber of obrrervations, A the count 

nuniber through air, % the n-th count nmiber throtlgh wood, apd Cn the 

penetration distance of the ganma-ra~rs in the wood. In thlr way he determined 

not only whether the tree trunk was healthy or rotten, but also the extent and 

location of the rotten a,rea aa well as cavities conspicuous through rapid de- 

c~ne in density. Subsequent visual exsminsticm of 34 gama radiographed 

trees revealed the high reliability of the method. 

Two parr af'ter Lizulra's discovery Wa~me B. Parrish estsblished, in a 

Ph,D. thesis stibmitkd in 1958 to Ohio State 'tlhiver8ityYl7 the greater u6e- 
) 

-ear of such --emitters as tin-U.3, iodine-129, ytterbiump-169, cesium- 

137, cerium-144, and aamarium-l&, for non-destructive testing ofliving trees 

by radiographic man8. 

scintillators, and radio-photogrqphy with emitters in the energy range fram 

23 to 561 KeV he found that emitters with energielr between 50 and 150 KeV 

give the clearest picture of eventual irregulwities within the trees snd 

that scintilletion counters With Nd(T1) crystals were best suited for 

detection purporer. 

IbgerimSnting on osk trees with Geiger counters, 

Although originally conceived a8 a means of non-destructive te8tlng 

of living trees, the principle and mthods of pansnr-irradiation were soon 

ex&nded for the inarpection of used thiber such a8 the structural wooden 
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part8 of bridpSes or houses, trestles, sleepers, poles, beams, mine and tunnel 

ehorings, etc., tbe sotmdnees of which could be determined In place without 

boring. Portable timber analysers ("DensitoPsetere") containiag 200 micro- 

curies of cesium-137 a8 a radiation aource end a mercury cell powered elec- 

tronic unit, wei- about 12 lbe., are now manufactured in this country and 

are C-pcierlly available for the deterplinafion of the soundness, densify, 

and thickness of wooden materials. 

The ecpplication of gaarma-radiation to living trees will no doubt usher 

in a new era not only in silviculture but in put physiology and plant 

taxonoq since with the help of this method the gpowth of trees can be ob- 

rem in vivo in minute detail, difference8 in grain etructure caa be de- 

tected, and pathological change8, insect and fungas rfnmnnvc ccul be di8COvtred 

long before Visible 8yqtans are ttppan?nt 8nd irrep8mbl.e damge i8 done. 

Fux%her, the forerter nuu has a readily uxible tool with whlch to detemtne 

shove-haprrastera mch ars aubject to consldelsrble wear and tear. After 

~ec.hmic.;l or bydrrtllie debar- the log8 are reduced to pruper 8he in 

8(MpIus by bud or eim MWS, ale veneer i8 made by rotarg peel- or 

slicing. Reduuticm of wear and tear and maintenaaca of cuttipg ef'ficiency mey 

greatly reduce hsrvbstiag coats. FOP the control of weer and tear of cutting 

mrg numerous nuclear techniques are UBed such ae the activation of 

c 

I1051329 
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b-6 by neUt;ron bombardment or the imertlon of lpcLchizlc part8 

containing trace amount8 of the r&lioirrotoperr cobalt-60, nickel-63, man- 

-em-54, etc.1419 BY tham mELI11, reduction in efficient cutting or in 

aperation irr PY)R ea8ilp detected sad apthmm .ps%ds can be more easily 

controUed. 

4. smoke Detection 

Foreate, satmills, luuiber yards contain highly -le nnsterbl 

which, eapecb3I.y in dry mather, constitutes a great fire hazard. 

deplore the tremendous losees of our forest resources caused by forert firerr 

due not only to hrrman negligence and carelessness but also aue to natural 

cau8e8. 

could be achieved, if an incipient fire could be innneaistely detected and 

exhinguished before it reaches dimnsion8 that are difficult to control. 

Radioisotope me;y bring the rrolution of this probla and thus be a great 

blessing to our nationa3 economy and conservation of our natural resourcea. 

The phenenon of ionization a,llovs in a very simple my, the sounding of an 

alarm in time or the drawing of attention by other mean8 to the bunineat 

danger. 

drawn into a device and interfere8 with the ionization For thia 

purpose two small metallie ionization cmers (each one containing a 

nmall 8imount of radium or polonium) are in electrical counter-connection and 

&re shunted by a triode to a cold cathode which is fed by a current of 220 V 

potential which operates the alarm relays. One chamber is clo8ed, the other 

open, but under normal conditions the two chardbers are in equilibrium. As 

soon ae preconibustion gases enter into the open chamber, the gas molecules 

interpose themselves between the fone which thm have time to reconibine before 

We all 

The prevention -- or at least a great reduction- of these losrres 

) 

Before fire starts in wooden material smoke evolve6 which can be 

) 

t 105830 
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the collecting electrodes. 

tion current ud by electronic rela;v6 sets the alarm mechanimn in aper8tiOn. 

Such devlces 8re now available in this country and operate reliably from 8 

ll0 V., A.C. supply. 

This results in a rapid dianmition of the ioniza- 

A string of these can be set up Fn remote or sensitive 

area8 to work independently or to a-nt Visttsl p~.ocedupcs, partictiLarly for 

night detection of smoke. 

GAMMA-RAY IE?RADIA!FION OF WOOD 

1. 

While the gama-irradiatlon of wood for the purpose of inspection and 

Conversion of Wood into Edible Material 

testing req~ires only radiation doses (of the ortier oi 10-3 to 10-6 

roentgen), the ateration of the phy~ical 

materials requires radiation doses mesy billions of tine larger (of the order 

of 108 roentgene) to produce chemical changes in the w00d structure that are 

chemical properties of wood 

of practical Interest. 

of wud to both chemlcsl and radiochemical attack we must conrider the can- 

In order to understand the relstimly hlgh re6iStaZlCC 

gO6Z'bIa Of this imp0-t @ tibimtOU6 0-C product. It8 CaapOllitiOn 

varies over a wide range, but is essentially 50 to 60$ cellulose, 25 fo 3* 
1 

1- arpd the rest le hePri-celluloee, vakr-soltible &ohydrates, ~UUIS snd 

reeiar. In a simplified we msy that wood consists of cellulose 

bricks held together by 1- mortar. 

and rsaiolysea, lilplin is extrenmly refractory and, aa a matter of fwt, 

fonne a Meld that protects the cellulose wit8 from rsdiolycic dertractian 

by radiation Intensities that could destroy other organic matter. 

While cellulose Is easily hydrolya 

while the chemlcal coqosition of cellulose wtw readily diecoverad by 

Vay of acid or enzym8tic hydrolysis to be a mercraaacrlecule COnSi8tiW Of 

ordered chain of 60oo to go0O ghacose units, the constitution of liepin 

c 

I IO583 I 
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resieted all ppre chemlcel exgloratlon and 

radioactive Wen, especially carbon-14. 

chemistry end Director of the Inetltute of 

yielded only to ~mthods emplo- 

It wss the old master of wood 

Wood Chemistry at the University of 
.L 

Heidelberg, Proferror Kurl Fretdenberg, vho st the end of a 1ifGwrk of vood 

eqlorstian finally reaortcrd to radiochemical lpsthoae to untangle the highly 

cqlex structure of limb. €?e injected synthetic cosrpotmde that were BUS- 

pected to be the precupsors of lignin Into %he living pat and determined by 

rrtep-wlm degradation and r%diochentcal aaslysie of the.ob4Wned breaMDM 

produ~ts *ether the injected pauct waa used in lignin synthe~i~.= men 

the injected ccm~otmdr were hgged at definite place8 with &on-14, the 

location of the carbon-14 atom8 in the breakduwn products allwed the recon- 

struction of the path of biogenesis of lignin and elucidation of its struc- 

ture. 

coniferylalcoholz and ~hiktmic ercid.23324 This eqplains the radiation 

resistance of wood since it is well known that aromatic etructures of this 

kind yield only very reluctantly to radiation, but once they have become 

radiolysed fond to break down completely. 

formed by the Austrieu scientists Go BfElek ani K. Kratal who st-ea the 

lignin of sprclce (Plcea excels) wlth ingections of hydroxyphenylgpvic 

acid-3-C,14 thu8 CarrJrlng the biorrynthesis one step f+~x=ther.~5 

This wae esWllshed to consist of phenylpupane derivativer, especially 

Similar investigations were per- 

Inaepenasatly of these exploratory snd mmJytica3. investigations 

American and Ruesian scientistla tried to convert wood and wood waste by in- 

tense radiolyair into useful pmd.uctre 

the U.S. Fom8t Products Lerbor~~ts)ry, Msdlaon, Wisconeln, in couperation with 

In this country kenen Bnd Millett of 
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E. J. Lswton of the General Electric Research Laboratory, Schenectady, IVew 

York, b-d wood and eplfite pulp with Ugh energy cathode ZYWB at a 

do- of lo8 roentgens and achieved depolyaLePizatlon sad decomposifian Of 

the mated meteriaL6 

11c8rch Institute for Wood Workin& Leningrad, and U. M. Ebilineki and 

D. P. Kaqaw of the Phyelcochemical Inetitute, Moscovp e4lored the effect 

of ianizing radiettdon on -.2? They found: (a) that purma-irpadiated 

wood lends itself better to acid hyapoly~18 for glueom production as It 

requtms only a diluted acid and reacts =re redily,~ (b) that ifisdiatsd 

fFoQd I8 equally veU gau%.u%lated by rumen bacteria ae the uenml cattle 

fodder and thus can be used to replace it to a certain extent in the nutrition 

the IISSR, A. S. Freydin of the Central Re- 

Of -*8, ppovlded m#1.'L aIWUtlt8 Of nOzl-&OhydratlC SSlllential nmat6 

ars &%led. c 
The Russian porkers reduced wood irop31 pinar sy~~estrls into amdl pieces 

of 0.5 to 1.0 gm size and exposed them at normal. tentperatarc in both alr and 

in to prrmr-wtion fran 600, 1400, 20,000 curies of cobalt-60 

at a dose rate of 500 x 14 roentgen. per hour for 1 to 3 h00rs. After ir- 

1; 0.08 0.20 0.02 0.04 

2 0.065 0.20 0.04 0.05 

3- 0.03 0.22 0.50 0.10 0.20 1 
(. L-;:- . 
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Stibseqwnt -lysis with 15 hyd~oc~ortc acid pentiered all cellu~oric and 

hemi-cellulosic material water-aolPul>le in fonn of mnosacchaFides. 

In 1955 and preceedAng the above Russian work, one of us (F. J. Weiss) 

predicted in an article, "Food for Toploppov," that lplpadistion of the 

=Om mMt6 Of li@OC@3~~OSk fapln eu3d fQRSt WUhS (8t2XWy COzPCOb8, 

-my sawdust, etc.) accmting every year copi~d be converted into cattle 

fodder by of lrradiation.28 He pointed o& that the converrlon of only 

1~ Of this fodder for mtS woozld a a;bOUt 4.2s duiOn 

tona of c&bohplrstas to the annual feed 

course, to arske this was* materfgll f'ully utflizable in form of llllest and 

in the United Statea. Of 

pm3ucte about 2$ of non-pmteinoote nitrogen, preferable in form of 

urea, could be added. However, not madl remearch work hss been ded out 

on the digestibility of irradiated herbaccoua matter to increase the avail- 

ability of animaJ. pmtetfn, how eve^ important it is for an exploding world 

population whose diet is Papticthrly deficient in nutrients of animal 

1 

0rigln.29 

2. Wood-Plastic Mv3lxB~P 

In the field of plastics, the gklmna-irmdiation of PDOd looks very 

promising. Since ionizing radiation destroys the oxygen and C-C linkages that 

hold the oellulose end win moiety of rood 80 strongfy together, the break- 

ags of these linkages may produce on both %he &ohydpbStie and the tFmmIatic 

ends free radicals which, BOWC~P, may rapidly pandergo recombination reactions 

unless substances euoe present that are even mope reactive. 

of such s~1~3tances in form of va~io~lss monomers (vinylchloride, acrylonitrile, 

In fact, the presence 

styrene, methylmetbcryhte, ete. ) at the moment of iPkadfation-destruction 

) 
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Beraenev and - Fokias irradiafed building boards mado fram sawdwt with a 

resin binder at a rate of 2,300 to 35,000 roentgens per hour and ahowed 

thsc the atability of the boards,ba6ed on Weir water sbrorption capacity, 

increased aa tbe vater aeorbing power waa reduce1.34 mm ~nd 

Takamku riadied the af'feat of ionizing radiation on the lignin content of 

red pine wood and ~oniinebd the observation, made by previous investi- 

mtora, that lignin ie by far more rerietant to radiation than ceuuloae.35 

The greahSf -UUt Of mte Qf foreat products COIl8iSt8 6 the 8tllfih 

went liquor accruing in the gulp mills which in the past, has contributed 

greatly t0 river pOlht%On Unt11 6ab8 h8Ve prohibited it8 disposlcl in 

thia vay. 

fermerrtcrtion of the carbohydxatea contained in the waste liquor in the 

msnufsoture of plasticr, of' vanillin, and of other chemical substances. 

The main ingredient of spent sulfite liquoru Lignomlfonic acid which can 

be converted into plastics, the quality of ach ia rather poor. However, 

the extraordinary radiation reaishnce of lignin may offer the atomic in- 

dustry a good shielding material, especially 19 it could be copomrized 

with phenols in the pre-ce of barium or other heavy metal compounds. 

Such plastic contabers might lend themselves for we in the transport of 

radioisotaper or for the temporary storage of nuclear fuels. 

The disposal problem ha8 only been partially solved by my of 

'ITE FUDZOLQGICAL ExAMIlpAIcIOlrl OF WOOD PRODUCTS 

1. Moisture Detenninstlon 

Nonderrtructive 

well be adapted 

0583b 

test method8 developed for the examination of li- treea 

and offer (campared with other testing mathods) the great 
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adww that the wooden nuteFial which msy be the part of a howre or a 

Of spscisl interest is the mofetum content Qf both f'reeb and dried wood and 

a mthod by ahich ths drying process can be contlnwualy recorded. Werkd, 

Sjostrand, and Forubeq developed a nwristrulc meatmrlng method for 

merterial in whiah tw beta-rrry tran~rsion abcrnneler am electriw 

cowlsd against ea& other am3 properly balanced. 

from tihe ma-mass difiemee proportionate to tbe di-ce of water.36 

A slmi.laz pmcerr ir darcrlbcd by Noads and ICLeutsrlr vho u8ed 20 nrilllcrurles 

of etrwxtl~-90/yttwltau-90 and a scintillation counter, photomultiplier, ami 

rate mter for the contlnuma ppsaa~n~ of the moistwre oatant of veneer 

The drsing can be opc11ured 

fSOOd. Thir psthod eaa ala be used for the aatmutle control of velswr drg- 
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abwrption for Fadloimtop- 

healthy and decasipe wood. 

Since decaying wooti abroPb6 much fauter than healthy mod, a rlmple and 

relisble dew te8t could be made wing iridium-192 dt 6OlutiOn8 dirtri- 

buted between healthy and decsYing wood. Since de- rood abrorbs auch 

fwtsr than healthy wood, a rrimple and relfsble decay test could be made 

wing iria1lra-1g2 at so~utiona.39 Murine pilirrg *id r\lppOrt8 many aoa 

md other marhe cont!&mctlon is often inferted vith me borers. 

the piling becomes vesksned and may give way under stress. 

great economic 

nonaeBtmctive method6 could be developed to detect ouch &maage. 

progrcs8 ha6 been mads in thi6 direction. 

Thua 

It would be of 

to locate damaged piling in time and to replace it, if 

 some^ 

The Battelle Memorial Institate, 

CO~&U~, Ohio developed 8 ~-rsdiOgraphiC l~lethod US- th~llumt-l7O 

40 for the tmdemter Inspection of 3.5 inchea4hick waterlogged marine piling. 

In cloaing this section, two perlev articler should be mentioned which 

provide a good inalght into the wlde application We vith radioisotopes 

and radiation, esrpaclally in the commniat countries of Eastern Enrope. 

Thilr'inclulea the use of radio tracers in wood research and for the control 

of voodworking machlnenrry. 

442 

/ 

THE USE OF RADIOISOTOPES AND RADWIOPI IN TBE PULP AND PAPER INDUSTRY 

The pulp and paper production is, with the exception of groundwood and 

other non-chtmical proce66e8, essentially a chemical indtostry and, therefore, 

many methods ots- radioisotope8 as tracers or nuclear rsdiation for control 

and testing g?arpoae6 are applicable ixi way8 similar to their we in the 

chemical indwtry. Thir, for example, is the cam for measuring the flow of 
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raw PrtariaI.8, deterarlning reaction kinetics, analyrir of Intensediary and 

finrl productr, etc. An annotated bibldography of all there nmthods, procesrer, 

end devices using radioisotopae lo currently collected and pertinent twticler 

from eelected aowces of foreign literature abstracted by thb Science 

Technology Dlvislon of the Library of Congreoa under agmwpant wlth the AtcmIc 

in the ptibllcatlon, “Radioisotoper in World Inaprtry.”l For this mason 

only those methodo and dtvicea will be discusmd here which eithetr are speclflc 

Tb Ipanufacture of paper can be conveniently divided into three stager: 

with resias or plutier to form a Urgu arzv of articles for lnnwmrrlble m8. 

gib the rods proce~s; the comm gturpom of each is to diarolve the lignin 

in ordcr to reduce the flood to cellulose flbe~e. 44 

a the sulfite process ths cook- q1q-r Is mnde at the pulp &U by 

burnlna sulftar to eulfur dioxide amti reacting the gaa with li2pestone or milk 

I105139 
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CUSS give low yield aad require more bleaching. To observe this all-importsnt 

phenomenon of penetration more closely, Amkin treated crpruce and pine chiplr 

wlth stiLfW-0~8 acid (containing calcium-45 and cmlf+ur-35) at various tempers- 

tures, ppessure6, and time8 and obtained a vary exact arrtoradiotgxqhic 

picture of the penetration procers in the wood chQaO45 He dcmoacrtrated that 

steaming under press\;rre at lWc greatly intensified the penetratton of the 

chips. This was ale0 dependent on tha wood species and the time of harvart 

since the calcitpn-45 content of -ring wood wab h-r than that of' strrrmtr 

wood. 

A lcrs detailed but mre general stu8y of the rnrVite process wa8 

carried out by the Japanese tachnologist, Weno, who strdied the them- 

d7nadcs sa8 kinetics of the Sulfite cooking process by mcm8 of cooking 

liquor tagged with calci~-k5~ 

in the Paper Industry," Cameron, of the Isofape Research Leboratory in Wantage 

46 
In a comprehenaivo sttxly on "Radioisotopes 

(BePgShiFC, -) dt6CU88eB the Of Wood Chips with VerJr thin 

copper wire, labeled with copper-&. 

by this shortlived Padioisotqpc allowe one to follow the-path of the 

chips throl.lgh the w8l3.8 of the digester, to follow their 8low dirintegratlon, 

and to determine the remo~al of lignin.47 ALSO of the bad Corporation, 

Chillicothe, Ohio, mntions awng the various uses of radioactive tracere, 

the nreaeurement and control of wood chip movement In digerrter6, break-up of 

ligno-cellulose ani dissolution of li-, flow of flber su~pension, pulp aui 

water belance.@ Wioactivo calcium-45 w&8 also used by Hortonmlcy and co- 

workers to detect the fopmation of carboxyl groups in cellulose during tho 

p~lpips proccss.49 They wed tagged c~lciun acetate a~d Blttmured the reaction 

~hd parem gamuwradiation emitted 
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betpeen orrlciu~ ionr ad carboxylic and mlfonic grcnx@r by the correrrponding 

deancrre of the activity of the solution contalnh$ calcitior ion$. 

that the latter at- a md,unam at the moment of the start of solubilization 

of the lignin. 

Thcy forrpd 

Tbs mort remark&le recent devhloplacnt in sulfite paping waa the re- 

pplscsnront of the batch by the coatinuous paping process. 

MII u6ed ae baue spd an excetas of SalFOr dioxide YM neces8az-y to kw it In 

rolution, this transition r~b not possible. 

du#try 70 yews to learn that large cup~mta of SO2 need not be reuycled, when 

bimlfite in connection with soluble bares, m9.1 ma atqpesium or roditrm, ere 

used ea coolclng agents. Thirr nan-recyclirrg procedure greatly eimplifier the 

ptllping operation, reduces ttre aprotmt of cspifrl re@bed for &I2 produetion, 

A8 long aa calcitpa 

It took the pplp and pager in- 

bhollkas the pulp- tiac, produces a -re uaiionn product -- ard wbat 18 c 
iqmrkat from the vierpoint of radioimtops utilization -- Urn a mm 

=*id qpPliOatia Of tmM for pmCe88 Cmt?&5* 

describsa 19 a caqmben~ive reyiev arttcl~ (aevotea erpaciaI3.y to 

maen* daml~pnm~tr in the pulp sad pupr baitustry of Canada, &den, and 

tinwma qparation. 

XVQ mntion of radioiaotope~ or radAati0n ww found in the Uterature in 

connection with the two other chemical pulping proceraes, ll~la3.7 the eulf'ate 

c. 
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(kraf't) ad the so& proce8e. This m8y be because they have not yet reached 

ths degree of teehnidl re'finammt of the stllfite procesr or =re probably, 

be-e nome or tha &ow mentioned tagging metbod8 are applicable in Wogoua 

vsyr a~ in the two other pulping processes snd this information la not ptiblished 

apenly. 

We encounter rediolsotoper again in the p~lp curd -per manufacture at 

The objective of bleaching i8 thb prodUCtlOn of the pulp bleachla& stage. 

brightar pulp6 a8 ma6ured by light reflectsnce. 

papr>ral of reeidual ll@n and other coloring mib8faacss either by way of 

chlorination or by oddation with calcium or sodiran hspochlorite. In =cent 

yeam chlorine dioxidh ha8 ale0 been used for this puzpre eince it producer 

hieger brightneaa Withotrt decrease in fiber ~trength.5~ ConsiderirPg the 

multituie of ble- agent8 and the different bleach reqRirement of varlou8 

pupa, the "bleu?hnhility" teat is of great importance for the determination 

of the ex&ct aumuut of ble- agent needed aad the rational executios of 

the bleaching operation. 

tihe mnount of hypochlorite required for a given weight of pup to obtain a 

8- brl@tnerr iP a a.ingla-stage blcachlmg. hung other method8 to 

de*- the blQecWilitg is a Padioimtope taegine technique, wipg 

irldium-194 dlch Is llllcd for nmasuring the diertribtion of fibera in bleach- 

ing system reduced either with capper or soditnn foraate.53 In the latter 

caae the pti~p irr ~oagca in a solution of tagged (BQ)+C% and reduced with 

HCOO10, for 14 houra at 90°C. 

Bleaching Involves tba 

The "-chlorite bleach&bility," for inatrrnce, is 

The retention of activity da each bleach- 

h$Btab 18 mS88- and i8 found USt&ly to bQ mrt than go$. 
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ptjs. 'phis davelopmmt, tnder nom condition ard under the effect of varioum 

t 
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O.5$ and fina screening the stock enter8 the wt end of either the Four- 

drinler or the cylinder nuwhim where the most esrentlal part of the papr 

mapufacturbg proeesr taker place -- namly, the met foxmution through 

agglamration of tha lndlvldual fibbrs. . If tho fibers are mfformly and 

radcd~ dispsrued in the llqtaid, a well-formed a&eet wlll be produced, If 

howsvlsr, tha fibera bnd flOCCUhk a& fOrn Cl-8, ths mB\tlth& 8he& 

will be inierior. 

to maintain optimum ffber dispersion thro- laht?at fonastlon and pm@nt 

tendencies to flocculation. lbmmua techniqpm have been ueed to stady floc- 

cdtation and laathodrr to prevent it, but it waa not until the advent of 

The nmst Smpoptcrnt thhg for the pepermaker la, therefom, 

radioisotaper 

autoradiogFerphy that a clear acientific plctum of fiber behavior was attained. 

Ldrmnnren e4-a the application of them aretaoae56 s~ad he, ats well c18 

Camy57 refer to the work of Allen - and coworkers who develupd method8 of 

taggine fiber6 with iodine-13 in order to stuiy flocculation and ita effect 

on the final sheet.58 tbe headbox of the FoUpdpiBier machine the stock 

slurry flows through a "slice" onto a flat moving wire which is actually an 

endless belt and then over sru=tion boxer to etean-heated dryer rolls, felt 

eaptciw the emly sensitive methods of IBIC~O- 

) 

- 

blankets and to final dryers srd cfiendara. 

water is loat motu the final sheet contah~ a well-controlled low water 

content, 

area weight of the pager is determined and where nuclear radiseion found its 

first me in the paper indus.try.59 

In this procesrr mm and mre 

It is this last stage of psper formation that the thlckneas and 

- 

while gama-radiation Is too penetrating to serve as area-weight or 

) thicknelra gage in the paper Industry, beta-ws 9- and for certain purpoees 
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even alpha-ryr -- haps a maitable penetrating energy. 

are cuncem, there are tw f'mdamntal lastha of aremight determination 

in use: the flmt conalate in the meaauremnt of beta-ray dbaorptlon snd re- 

Ilr far am bata-rr;yr 
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fithough Geiger cotmterr, scintillation cmter8, snd ionisatforr 

cbaaibers can be wed to me- rad.iation intensity, for the p-m of t& 

pager intimtry the latter have generallJf been found most convenient. Several 

relativ, atm, or more correctly, in the devirrtlin of the current weight 

from a certain standard value. 

atmospheric conditione cau be di6pennred with and the derired value fixed by a 

FOP thir purpose, nicetie8 of gemtry and 

potentiamfar fed by a constant current and connected with the ionfzation 

nhrrmber ushg the ecm$mmation principle. 

between the potentiomter and the ionization chamber voltage.65 

An indicator &ow8 the difference 
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For still greater preclelon in area might detemlnatlon Kuhn hur pro- 

the w-t of ths fOraard-8Catba Of BmStrrhlrmg Which 

increaser prap0rtione;taly to area thicknes6 or denrlty. 

ppbtaU.1~ rllver eontent of different exposed flbm, Vprriable blsckcning in- 

tenaitiea can be determrinad vlth great exafitners which corresporad to the 

mcadtppcd irradiation inteasl~ias.66 Also Blskhahvskll earlhr dercribed a 

further nfinsmhat of the atxtumtlcally weight meamring rpparatarr wing 

thrl.lha-204 as a radistion source and a b8luacing circuit vith a Vibrathg 

reed elect-ter.67 has explored ths mawu for the unevenem of 

pspar strengbh with the help of a Frlesekc agparatws (FE 46) for area weight 

On the b-la of the 

Because of its continuow and a\rtomatic perfol.laance the -tu8 des- 

cribed abova, 1- itself p&ic~lar4 we11 to the --tie control of 
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thm Ka~l8tade Mekanierka Werlratad in Stockholm, Sweden, devisbd au -tu8 

contain- ap aapoule with 65 micr~curies of krypton-@, as a beta e~ource. 

Thi8 i6 enclosed in a led bar into which a hole has been drilled. 

collimafsd bemu of electronrr pama thou& this Bole onto the paper -la 

which Is dram part at a constant epced of 100 xtimper bur. 

sib of the papar is the end-window of a Geiger counter which is connected 

xl;th a Philip's ai&h-~~l-lqe cmgply and feedr pulrrer to a ratemeter. The 5 

atillianqpara ratemoar optput ie then fed to a recording dePlce.72 

That 

On the opposite 

An Interesting use Is alro mndc of alsha-rays to detect uneme88 in 

pager. $ecawe of their short but 

trate thin puper only at locationr 

) 

I IOS8~iF3 

well-deflned range these ray8 will pane- 

where the thichess is le88 than the 
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done to attach the coating wre firmly to the paper and also to attain other 

’ effecte. Cellulose haa a very law reristance to high-intensity radiation, 

and becomcs discolored and very weak. Attempts have been de to produce a 

more radiation resistent paper for certefn purposer. 

acetophenone, na@Wmne, Qlld p-01 aad oubseqpent irradistion have been to 

‘Iinpregnstlon with 

no avail. Huweper, Glademans arad coworkers discovered that benzylhydroxy- 

athlycellulom films remahed stable at irradiation intenrities which des- 

troyed pure or inpregnrrtea ce~~ti~ose.74 TUS apparently is due to the forma- 

tion of a covalent bond between cellulose and the aropastic coqound, a process 

similar to what ia observed in nattme, where the lignin seme aa a shield to 

the cellulose in the irradiation of wood. 

This chsptcr on pspr&ould close on a sentWW note, an expreesion 

of gratittlde by the chemist and especially by the nuclear chemist for those 

who have br0-t filter puper to the high degree of perfection M to keep 

step Via the em greater refinement of research that nuclear chemistry has 

) 
* 

brought &out. Mention wa8 made of the various mthods by which radiation 

snd radiolsotopes are increasing the efficiency and economy of perper production 

and the quality of its products, bat fairness reqpires that also a word should 

be serid aboat the contribution of the paper industry to the development of 

nuclear chaairtry and radioieotopes. Nobody will argue that the lowly filter 

pager is still the backbone of analytical Wstry. 

ment of zwdern chemistry and the detection of raditmpwould have been impossible 

In fact, the develop- 

without it. Names like whatman or Schleicher & Schuell strike a familiar 

chord with every chemist. However, since the time when gravimetric analysis 

reached its highest perfection new and even more sophisticated and sensitive 

I105850 
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mrsthod.6 welpb Introduced to detect wu'ler and smU.cr tuuormt8 of rubstances 

ruch a6 trace elto or rsdioisotapsr. Mentfon Q& be made only of palper 

chromatogrsphy, prper electrophoresis, auto-radlogrtqthic end activation 

ana~ysir of chromatom.75 TO met the high specifications of these method8 

the manufacturers of filter and chromatographic paper reduced the e%h content 

of their product8. 

content ia already ae lov aa a few microgrepas. 

oden of -ita76 w thir reamrmle rerxi~t wad achieved viaout 

we- the phyricrl structure of the cellulom. 

eeaential to obteinlng a so-called high "Rf aw" in chromatograpUc sbpara- 

tion. !he etllm.lnntion of auch 1-8 aa caldum, ~~agpesium, ferric, chloride 

and rtllFats allowed the Identiiication of aintrte traces of ele~lsntr on ChFCmrto- 

For an 0- filter pqer of U cm dlanetec the sah 

Thia wus reduced by several 

Them qtlalitier are 

I I0585 I 
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ADVANCES IN RADIOISOTOPE PRODUCTION AND UTILIZATION IN SCIENCE AND INDUSTRY 

Paul C. Aebersold, U. S. Atomic Energy Cowissfon, Washington, D. C. 

INTRODUCTION 

Only three decades after the discovery that radioactivity could be artifically induced, man-made radio- 

isotopes have been established as powerful and versatile tools for an almost countless number of uses in 

nearly all fields of research and application. Man-made radioactivity is truly one of those discoveries 

of major benefit to mankind. 

Advances in the discovery and production of specific radionuclides'have been phenomenal. 

130 radioactive species have received significant usage and are routinely produced, the potential number 

of useful radioisotopes is much greater. Means of production cover a variety of accelerators with great 

flexibility in type and energy of particles and radiation generated, encompassing the use of photons, 

neutrons, protons, deuterons, tritons, helium-3 and alpha particles and heavier nuclei. However, the bulk 

production of radioactivity is now by means of nuclear reactors. Through neutron bombardment in high flux, 

high power reactors, production of most useful isotopes can be expanded to meet any conceivable need, up to 

hundreds of megacuries of certain isotopes such as cobalt-60. 

are unavoidably obtained as by-products of power and/or plutonium production. 

from this source are being separated and purified in megacurie quantities. Costs of production have been 

greatly reduced and could become even lower with larger demand. These megacurie quantities of both neutron 

induced and fission product isotopes are being used in the development of heat source and radiation proces- 

sing applications. 

Advances in radiation detectors, associated electronics technology and the automatic recording and analysis 

of data also have been astonishing. Use of crystal scintillation counters has become routine and efficient 

crystals are available over 20 cm in diameter. 

shapes and the sizes can be of meter proportions. Liquid scintillation counting has become extensively 

employed for efficient internal particle counting of a broad variety of sample forms. Use of liquid, plas- 

tic, and crystal detectors, with associated circuitry involving multi-channel, multi-parameter pulse height 

analysis, coincidence and/or anti-coincidence techniques, has been extended to extremely low level counting 

of samples, even to the size of human beings. Recently, a variety of semiconductor detectors have been 

developed that provide increased energy resolution for counting of alpha particles, conversion electrons 

and low energy X- and gamma rays. Semiconductor detectors incorporating heavier elements are under devel- 

opment to permit efficient, high resolution counting of higher energy gamma rays. Increasing attention is 

being given to automatic recording and to computer analysis and reduction of data from isotope and activa- 

tion analysis procedures. 

Parallel improvements and expansion in utilization of radioisotopes have taken place rapidly in all fields 

of application. 

determination of molecular structure, measurement of reaction kinetics and determination of physical prop- 

erties and behavior of matter. 

in such fields as oceanography, meteorology, hydrology, other geosciences and space technology. 

Although around 

Also, vast quantities of fission products 

Individual radioisotopes 

Plastic detectors are also available in a wide variety of 

In the basic physical sciences, the major applications are for analytical techniques, 

In the applied sciences, new u8es are being developed in engineering and 

In many instances, discoveries are being made through the use of radioisotopes which are so important and 
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striking ttlat we tend to lose sight of the fact that they would not have been demonstrable but for the 

availability of an abundant and varied supply of radioisotopes. 

weak interactions"), the evolution of a generally accepted theory of Fermi interactions involving beta 

decay, muon decay, and muon and the historic discovery of the Nblssbauer effect(4) are all 

magniEicent examples of what has been made possible by radioisotopes. 

This paper will examine some of the major advances made in the above areas in the United States during the 

six years which have passed since the second United Nations Conference on the Peaceful Uses of Atomic 

Energy. 

The overthrow of the parity principle in 

-*) 

LARGE-SCALE PRODUCTION OF ISOTOPES 

One phase that has surpassed all others in the United States in rapidity of growth since the last Geneva 

Conference is the development of processes for and the actual production of extremely large quantities of 

individual, purified fission products and neutron products. 

from the concurrent development of small electrical power supplies which utilize the heat of radioactive 

decay as their energy source. 

me fission product that has received the most attention for isotopic power use is strontium-90. 

period 1961-1964, almost five million curies of this isotope were recovered from waste streams and con- 

verted to the chemical form strontium titanate (SrTiO ), a ceramic with good thermal and radiation stabil- 

ity, reasonably high strontium content, and relatively low dissolution rate in water(6). 

services of a large production site and two hot cell facilities. 

Of the neutron products used for heat sources, plutonium-238 has been of greatest utility. 

in kilogram quantities by irradiation of neptunium-237, which in turn is produced by U238 (n,2n) and U 

(2n, gamma) reactions in reactor fuels. Three production sites and a large radiochemical laboratory are 

involved in the process. 

plutonium-238 as their energy source. 

In our program to develop radiation for the processing of food and  chemical^'^), we expect cesium-137 to 
find expanded use as a gamma radiation source. 

source of cesium-137 was completed in January, 1964, by Oak Ridge National Laboratory. The final source, 

doubly encapsulated in stainless steel, will be used in the radiation development program at Brookhaven 

National Laboratory"). Approximately one million curies of cesium-137 have been purified by a very simple 

process involving elution of a cesium fraction from an inorganic ion-exchange medium and subsequent purifi- 

cation by the alum crystallization process . 

New opportunities for the use of cobalt-60 will arise from a program now under way to manufacture this 

radioisotope in specific activities of 400-500 curies/gram or even greater. A capability for the manufac- 

ture of hundreds of megacuries per year of cobalt-60 exists in the United States, although total current 

utilization is only about three megacuries. Tritium and carbon-14 are also available in quantities chal- 

lenging the imagination of those of us who were early workers in the field. Such large capacities for the 

production of isotopes by neutron absorption arise from the increased availability of ideally suited 

reactor space resulting from curtailment of plutonium production in the United States. 

Curium isotopes are receiving a great amount of attention at this time, €or two reasons: they are part of 

the irradiation chains leading to the formation of the very heavy elements, and they appear useful as heat 

sources in varfous applications. Plans are being carried to completion to provide a facility for the 

processing of kilogram quantities of curium-244 into targets for further irradiation in neutron fluxes in 

excess of 1015 neutrons/cm set'"). 
scheduled for completion in 1965(11). 

californium-252, for study of this element itself as well as for further irradiation in cyclotrons and 

other machines. 

concluded this year, after 10 kilograms o€ plutonium-239 had been exposed to neutron radiation for several 

years, resulting in the formation of about four hundred grams of curium-244. This material has been puri- 

The incentive for this effort has come largely 

Another paper at this Confe~ence'~) describes these power systems. 

In the 

3 

This required the 

It is produced 
2 35 

To date, all nuclear power supplies used in earth satellites have employed 

) ._ 

In anticipation of these applications, a 215,000 curie 

(9) 

2 
A special reactor is being built for the latter purpose, and it is 

The product of the high-flux irradiation will be gram quantities o€ 

A campaign to provide an initial supply of curium-244 for investigational purposes was 
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fied and will permit the determination of the macroscopic physical and chemical properties of curium on a 

much more accurate basis than has been possible in the past. 

The shorter-lived isotope curium-242 is also of interest, primarily as a heat source. 

supply of americium-241 is required. This isotope, in turn, is formed by the beta decay of plutonium-241. 

Kilogram quantities of americium-241 have been made available for research or isotope production purposes. 

Although the production of curium-242 by neutron irradiation of americium-241 is a straight-forward proce- 

dure, the subsequent purification of the curium-242 and its fabrication into heat sources pose formidable 

problems. 

quantities of curium-242 are accumulated. 

Requirements for fission product heat and radiation sources in the time period beyond 1968 may require a 

special plant (Hanford Isotopes Production Plant) for their manufacture. 

plant and the estimated price of its products when operating at full capacity have been reported 

Although the magnitude of radioisotope production in the fission process or by neutron irradiation cannot 

be approached by machine irradiation, nonetheless, the production of radioisotope8 by cyclotron bombardment 

has become increasingly important -- particularly for neutron-deficient isotopes. 

United States was using 50% of the operating time of a 2.18 meter cyclotron(13) (originally built for 

research purposes) for the production of radioisotopes. 

versatile accelerator for this purpose. 

TlERMAL APPLICATIONS OF ISOPES 

To produce it, a 

Most of the problems are the result of the intense heat and alpha radiation experienced as gram 

The projected capacity of such a 

(12). 

By the end of 1963, the 

Plans are being made for a more efficient and 

) 

I IO 

me major thermal application of radioisotopes has been mentioned already; namely, the use of radioisotopes 

as heat sources in direct conversion electrical power supplies. More as a prediction of things to come 

than as a historical statement of accomplishments made, I would like to mention a few other thermal appll- 

cations which appear promising and which are under study at this time in the United States. We have begun 

to examine the feasibility of employing radioisotopes as the source of energy in small rocket motors. 

Three concepts are under consideration: in the first, the heat evolved from the decay process is used to 

raise the temperature of a propellant gas in a direct convective heat transfer mode; in the second, the 

heat activates a catalyst which accelerates decomposition of hydrazine monopropellant; and in the third, 

radiation heating of the walls of the flow passages by means of a gama-emitting isotope is used to raise 

the temperature of the propellant gas. Rocket motors of these types are characterized by their very high 

specific impulse but low thrust, and would, therefore, be useful in the upper stages of small, unmanned 

space vehicles destined for long trips to other planets or which are moving from a low altitude earth orbit 

to a high altitude orbit on a minimum energy trajectory. 

Small radioisotope heat sources are being considered for use in highly instrumented satellites to keep the 

electronic components at an optimum, uniform operating temperature. 

LARGE SOURCES FOR RADIATION PROCESSING 

Another outlet for massive quantities of radioisotopes is expected to be found in the expanding radiation 

processing industry. It is now apparent that the research conducted during the past decade on the use of 

radiation for industrial processing is bearing fruit. This is evident with the appearance of several com- 

mercial radiation processes such as the production of ethyl bromide(14); cross-linked polyethylene film, 

wire, tubing and related products (15); medical supply steri1ization(l6); and the production of semi- 

conductor components(17). 

approaching cormnercialization. 

ings, improved semi-conductor  device^"^), textiles, "biodegradable" detergents"'), polymerization of 

Even more encouraging, hovever, is the greater number of radiation processes 

Included are the production of wood-plastic materials(18), curing of coat- 

ethylene and copolymers, and food processing (21) . 

In some cases, radiation produced by machines such as electron linear accelerators, resonant transformers, 

cathode ray tubes, and other devices prove to be superior from an economic viewpoint to the radiation from 

isotopes. 

will prove most acceptable for each application. 

Because of the early state of the radiation industry, it is not yet clear which source of energy 
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RADIATION TREAlWNT OF FOODS 

Treatment of selected foods with ionizing radiation for preservation or public health control measures is 

being seriously pursued in over 15 countries. 

rapidly in the past ten years. 

nomic value to each particular country. 

purposes involving long-term storage, the principal effort is on consumer products and is concentrated on 

the use of less than sterilization doses. Such effects include the inhibition of sprouting of potatoes and 

onions, the control of Salmonellae in egg or animal feed products, the inhibition of ripening of certain 

fruits. the disinfestation of grain and the extension of marketing or "shelf" life. through control of var- 

ious spoilage microorganisms in food products such as meat, vegetables, fruits, fish and poultry 

Marine products are of particular international interest and research has been carried out with less than 

sterilizing doses of radiation on a wide variety of such products. 

higher quality fresh fish or marine product, while also extending the marketing time. 

haddock and flounder, are typical subjects but interest also extends to clams, oysters, crab, shrimp and 

other marine products. (1) The treatment of fish at sea or at time of land- 

ing to maintain quality for distribution in the fresh state or prior to freezing; (2) Treatment to control 

such pathogens as the Salmonellaes, particularly in fish meal, or C. botulinum, type E, in smoked products; 

and (3) Treatment of frozen fish to maintain quality during thawing and subsequent distribution. 

Radiation preservation of a variety of fruits has been investigated by a number of countries with increas- 

ing indications of several ultimately successful cotmaercial processes. 

shown promise. 

marked decrease of loss of quality due to mold growth during distribution. Oranges, peaches, nectarines 

and sweet cherries show similar promise. Radiation treatment of fruits, such as papayas, mangoes and pine- 

apples, are being investigated by countries with a semi-tropical climate. 

trolled through the interruption of their reproductive cycle, but plant pathogens can be destroyed. This 

would permit removal of quarantines and increased flow of trade for such products. Furthermore, radiation 

alters the physiology of the fruits, resulting in a decrease in rate of ripening and an increase in 

marketing life. 

Human consumption of potatoes treated with low doses for sprout inhibition was approved in Canada in 1960 

and, according to reports, earlier by Russia and Poland. In the United States, the use of certain types of 

radiation for disinfestation of wheat and wheat products and the sterilization of canned bacon has been 

approved for commercial use. Other countries such as France and the United Kingdom are developing proto- 

cols for certain irradiated foods, which hopefully will lead to clearances for conmercial use in the 

future. Food irradiation technology is rapidly reaching the point where limited conmercialization will 

take place. No extensive "breakthrough" is expected, but a steady growth will take place fn this new food 

preservation method. 

TRACER METHODOLOGY AND APPLICATIONS 

-) 
National interests in this developing technology have grovn 

Research programs are, of course, concerned with items of promising eco- 

While radiation sterilization of food is important for special 

(22,23,24) 

The goal is to provide to the public a 

Lean fish, such as 

Various approaches are used: 

Strawberries have consistently 

Although the marketing life of the berries is extended somewhat, the chief attainment is a 

Not only are certain pests con- 

-) 

The use of radioactive tracers in almost every phase of science and industry has become so commonplace that 

one can no longer hope to be all-inclusive in describing advances in the subject. Other speakers at this 

Conference are scheduled to discuss the use of tracers in such specific fields as agriculture, biology, 

medicine and hydrology. I will, therefore, limit my remarks to a few comments on new techniques which have 

rather general utility. 

Tagging of a broad variety of materials, without regard to their chemical or physical form, may be accom- 

plished by incorporating krypton-85 into the solid substance to be labeled (25'26). 

bombardment of the material with ionized krypton gas or by diffusion of the gas into the material under 

high temperature and pressure. 

new applications, demands for higher concentration of the radioisotope will be made so that increased 

sensitivity of measurement will result. 

This is performed by 

The krypton gas at present contains 5% krypton-85; as the technique finds 

,) 
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The versatility of the use of krypton-85 as a tracer lies in the fact that almost any material may be 

labeled with it or "kryptonated." 

ganic and organic compounds have been impregnated with the radioactive gas. 

absorption of the gas occurs is a function of the physical structure of the material. 

for example, may be labeled with a specific activity up to one curie per gram, whereas the absorption oE 

gas in a steel sample will occur only within a few microns of the surface and the bulk specific activity 

then corresponds to microcuries per gram or less. 

A substantial list of established applications of this technique exists, including the measurement of 

erosion of turbine blades, wear of bearings, and the kinetic properties of refractory metals at high tem- 

perature~(*~). 

tion can be measured by determination of the amount of released radioactivity. 

technique is similar to those reported previously for carbon-14 and hydrogen-3 compounds(**). A method 

using krypton-85 is being developed for use in our space program as part of devices for measuring the 

oxygen content of the atmosphere oE Mars, and for fluorine and hydrogen detectors for use in manned space 

vehicles and at launch sites. 

At the last Geneva Conference, the first report was made of the total count method for determining the flow 

rate of fluids by use of radioactive tracers. 

throughout the world and has become greatly dfversified 

me advantages of using noble gas radioisotopes are demonstrated by another tracer technique reported 

recently(30). 

to measure gas flow rates in an organic chemical plant. 

had proven to be of no avail because of the corrosive nature of the gases and because they carried 

entrained particulate matter. 

corrections for tracer deposition or fractionation were necessary. 

liters/minute were measured with a standard deviation of less than 1%. 

formed in a large well-type plastic scintillator with excellent efficiency. 

A hydrocarbon alkylation plant presented an unusually difficult problem in regard to measuring flow of 

sulfuric acid through various reactors and circulating By making rapid injections of radiogold 

into the system and then measuring tracer concentrations in acid samples or tracer flow through pipes, four 

quantities were easily measured: 

acid and entrainment of acid in the hydrocarbon stream, 

I mention these accomplishments as only representative of how well radioisotope technology can be adapted 

to engineering studies in industry. 

In science, tracer methodology has reached the point of prosaic acceptance. A survey of the abstracts of 

national meetings of research societies shows a large number of papers presented annually, which make use 

of radioactive isotopes, the greatest concentration being in the fields of medicine, biology, biological 

chemistry and physical chemistry. 

Recoil chemistry or "hot atom" chemistry occupies such a significant role in tracer methodology that an 

entire symposium was devoted to the subject by the IAEA in 1960(32), while a survey article which appeared 

in 1962(33) on this subject states that six or seven hundred papers had been published in the field of 

recoil chemistry since its inception. The survey article itself cited 101 references in the literature, 

most of which appeared in 1959 and 1960. 

When it is advantageous to incorporate a radioactive tracer into a functional group or groups of an organic 

compound, the use of tritium (hydrogen-3) has found widespread use (34D3s). 

self-labeling method of Wil~bach'~~), but more recently, a new technique has become available which has 

substantially broader applications (37D38*39). 

organic material to be labeled with a tritiated phosphoric acid-boron trifluoride complex. A general 

) Already some 80 different solids, including elements, alloys and inor- 

However, the degree to which 

Pyrolitic graphite, 

If the krypton is incorporated into a reactive compound, then the extent of chemical reac- 

This "radio-release" 

Since that time, the method has found widespread use 

(29) . 

Here the 5.27 day xenon-133 radioisotope was employed in the conventional dilution method 

Other methods for determination of the flow rates 

The xenon tracer was chemically inert in this unusual environment, and no 

' ) Flow rates ranging from 50 to 500,000 
.- 

Counting of gas samples was per- 

acid circulation rates, volume of acid in system, replacement rate of 

Many workers have employed the 

] Hydrogen-tritium exchange is effected by contacting the 



(40) 
review of the method and some o€ its applications has appeared recently 

Again, Lhere is space here to give only one example of the elegance of the tracer technique in basic chem- 

istry. 

acet~phenone-beta-C'~ with 2, 4-dinitrophenylhydra~ine'~~). 

labeled and unlabeled species proved to be 1.0085 2 .0004. 

deuterated acetophenone and a~etophenone-beta-C~~, a~etophenone-alpha-C~~, and other carbon-14 labeled 

ketones, the same group of investigators were able to measure with C14 the isotope effect of deuterium 

substitution for hydrogen in the ketone structures in the reactions which form phenylhydrazone~(~~). For 

the case previously cited, the net effect of deuterating the methyl group in acetophenone was to increase 

the rate constant by a ratio of 1.111. 

effect of a stable isotope substitution. 

. 
'-I 

Collins and co-workers have been able to measure the secondary isotope effect in the reaction of 

The ratio of specific rate constants of 

By using the same procedure with mixtures of 

In other words, a radioactive tracer was employed to determine the 

We should not lose sight of the fact that the radioisotopes which are found in nature are often of value as 

tracers or as chronographs. The classical work of Libby and co-workers in employing carbon-14 measurements 

€or dating of archeological samples was considered important enough to be honored with the Nobel Prize in 

1960. Other naturally occurring isotopes, both stable and radioactive, are being utilized to ever greater 

extent as the measurement techniques for them become more sophisticated. A major international symposium 

was held on this subject in 196Z(43) and several articles or papers have discoursed on the general appli- 

cability of isotopic measurements or analysis in cosmochemistry, meteoritics and geochemistry 

Notwithstanding the innumerable applications for radioactive tracers which have been developed already for 

the benefit of science and industry, much remains to be done. In cases where there may be concern over the 

use of radioactive tracers, such as in large field experiments involving release to the biosphere or into 

consumer products, "activation" tracing will find expanded use. This involves the use of stable tracers 

followed by neutron activation analysis or charged particle activation analysis to measure the stable 

tracer concentrations. Although a beginning has been made in this technique(47), refinement of the ana- 

lytical measurements remains the outstanding problem. 

ISOTOPE KEASUREMENT AND CONTROL SYSTEMS 

Past conferences have dwelt at length on the use of isotopes as sources of radiation in all manners of 

instruments such as thickness gages, density gages, composition gages, liquid level indicators, 

Devices of this nature are now routinely used by industry in many thousands of installations. In some 

cases, competing instruments have been eliminated. Still, we can be certain that utilization of isotopic 

measurement and control devices in industry is still in its infancy. As one of my colleagues has written, 

"There seems no limit to the ingenuity of instrument inventors in using the penetrating. scattering, or 

selective absorption of radiations to test materials rapidly and feed back control information required by 

today's automated systems" 

Extension of a radiation scattering principle into a new realm is demonstrated by a device for measuring 

the density of air as a function of altitude to heights greater than 40,000 meters. 

employs beta-ray forward scattering for sensing the density of air between a krypton-85 source and an 

anthracene scintillation crystal joined to a multiplier phototube. Background radiation count rate from 

an identical detector is subtracted electronically from the primary signal. Sensitivity of both circuits 

is increased by discriminating against pulses outside an optimum region of the Kr85 beta spectrum. 

voltage directly proportional to net count rate is used to modulate a radio transmitter. This system has 

been incorporated into a balloon-borne package which also measures air temperature and pressure by other 

means. Sequential readings of density, temperature, and pressure are then transmitted to a ground receiv- 

ing station. A recent calibration flight resulted in collection of useful data between 21,300 and 37,500 

meters. 

(44.45,46). 

(49) 

This system(50) 

A DC 

Oceanography is occupying an increasingly greater proportion of the attention of scientists in the United 

States today. Again, as expected, nuclear instruments are being developed for measurements in the remote 
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frontier deep below the surface of the ocean, 

Isotopic Current Analyzer, or DWICA. 

surrounding a centrally located source of radioactive solution (typically I131). 

solution are swept by the ambient ocean currents to one or more detectors. 

of arrival of activity at each detector, calculates velocity and direction of flow, and prints out the 

information in digital DWICA is designed to operate at a maximum depth of 1800 meters. 

The most exciting recent discovery that offers to expand this field imeasurably has been that of 

Dr. Rudolph L. Mbtssbauer. 

physics, encompassing fundamentals of nuclear and molecular structure, it is also finding uses in a more 

applied sense. 

hence limit my remarks to a few examples of applications which have appeared recently in the United States, 

observing once again that the discovery and experimental verification of the Mblssbauer principle of recoil- 

less emission and resonance absorption of gama radiation and its extension to practical measurement sys- 

tems would not be possible but for the ready availability of a wide variety of radioactive and stable 

isotopes which exhibit the Mblssbauer effect. 

The most publicized experiment of recent times occurred when Einstein's principle of equivalence was can- 

firmed by Pound and Rebka(52). 

height of about 20 meters above the surface of the earth and at the surface of the earth. 

as predicted by Einstein, should have been about one part in 

detected quantitatively by measuring the frequency shift of the resonance absorption peak in Fe 

other words, the difference in "weight" of gamma quanta at an altitude of 20 meters and on the ground was 

measured! As Goldansky said in a recent review 

this splendid piece of research, even the most elegant experiments are bound to suffer ...I' 

The greatest field of application so far has been the study of the physical and chemical environments of 

the target nuclei, whose energy levels are affected by the local magnetic fields, charge densities, and 

electric field gradients. 

has been Fe57, with applications ranging from  ferrimagnet^'^^) to hemoglobin(55). The next is Sn119, a 
favorite especially of the Russian workers. 

The Hzssbauer effect also provides a tool in the study of lattice dynamics and diffusion(56), since the 

intensity. line shape, and temperature shift are governed by the "stiffness" of the target environment. 

Applications in this area are expected to increase as difficulties in theory and technique are overcome. 

Two groups have proposed the use of the Mossbauer effect to determine the small relative velocities at 

which one spacecraft will approach another in a docking or rendezvous maneuver, or the closure rate at 

which a space vehicle approaches a celestial body such as the moon (57y58). Such velocities are anticipated 

to be of the order of millimeters per second in the final moments of approach (separation of a few meters). 

At such time, the use of radar is no longer possible, and yet accurate control of speed and alignment is 

essential to prevent damage from shock or from malfunction of the coupling mechanisms. 

On the other hand, the use of a Mossbauer source and absorber is probably limited to ranges of 30 meters, 

but at this distance the relative velocity may be in excess of the capability of Mgssbauer measurement. 

Therefore, another nuclear ranging system of a more conventional variety, which depends on the inverse 

square change in count rate with distance from a point gamma-ray source, has been proposed as the inter- 

mediate between the Mblssbauer sensor and radar(58). 

One of the more complex of these is termed Deep Uater 

It consists of a circular planar array of 16 scintillation detectors 

Periodic injections of 

A computer system analyzes time 

Although the M:ssbauer effect is of outstanding importance in basic areas of 

A review of applications of the M:ssbauer effect alone would be extremely lengthy. I will 

They measured the difference in frequency of gama quanta emitted at a 

The difference, 

per meter of altitude, and this was 
57 . In 

on the dssbauer effect, "By comparison with 

In this sense, we speak of "MHblssbauer spectroscopy." By far the favorite target 

I, 

,I 

INSTRUMENTATION IMPROVEMENTS 

A minor revolution has occurred in the field of radiation detection and analysis since the time of the last 

Geneva Conference because of at least two general scientific achievements: the development and coamercial 

production of whole families of solid state electronic devices or components, and the design of very fast 

data acquisition equipment and computers. 
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Crystal scintilla tor^ have become more retined and have lncreased in size. 

sodium iodide remains the workhorse of the field, other inorganic materials such as cesium iodide and cal- 

cium iodide are receiving increased attention. 

light outputs twice as great as those in NaI(T1) when exposed to gamma radiation, and that pulse height 

resolutions of 5.2% and 9.9% (full width at half maximum) for Cs137 and C057 gama rays have been obtained 

with this material. However, problems of crystal fabrication remain to be resolved before a videly useful 

material will be available. 

Plastic scintillators up to 40 cm in diameter are now sold in the United States. 

is employing scintillators of this size to measure trace concentrations of radioactive materials in sea 

water at depths up to 10,000 meters. 

ment, coincidence counting of cascaded gama radiation from cobalt-60 enables one to detect this isotope at 

concentrations as low as 10 

occurring potas~ium-40(~~). 

cosmic ray background to negligible levels. 

Liquid scintillators have advanced correspondingly, although they, like the plastic varieties, remain 

inferior to the inorganic crystals in light production and pulse height resolution. However, they are 

superior for detecting very low concentrations of gamma emitters or for internal counting of low-energy 

beta emitters. Several applications for large liquid scintillators have appeared, including a system for 

detecting less than one microcurie quantities of Cob’ moving at a rapid rate past the detector(61), a 

detector for measuring tracer levels of radioactivity in chemical process streams(62), and an apparatus 

for measuring neutron-proton coincidences produced by antineutrino interactions with hydrogen or deuterium 

in the scintillator fluid . 

Although thallium-activated 

A recent paper reported(59) that calcium iodide produces 

The University of Miami 

In a system of two scintillators and corresponding electronic equip- 

-18 
curie per liter in the presence of high background due to the naturally 

Care must be taken, however, to operate at depths sufficient to reduce the 

(63) 

The multiplier phototubes employed in conjunction with the various varieties of scintillators are being 

improved constantly to decrease transit time, increase electron multiplication, and increase electrical 

stability and life. A tube as large as bo cm in diameter has been produced(64) which, to my knowledge, 

represents the extreme in size. 

Other tubes are now available with multiplication factors up to lo8, permitting the detection of single 

photoelectrons. High-speed counting tubes have been reported recently to exhibit rise times of less than 

0.5 nanosecond (approaching the minimum theoretical value of about 0.2 nanosecond), transit times of less 

than 4 nanoseconds, and dark currents of 10 ampere . 

The most striking advance, however, has been in the improvement of semiconductor detectors for all types 

of electromagnetic or particulate radiation. It is now possible to say that semiconductor detectors have 

come of age. although much remains to be done in improving their stability at ambient temperatures and 

their efficiency for counting beta and ganuna radiation. Silicon and germanium have been studied to the 

greatest extent. Silicon is superior to germanium in the sense that its noise level at room temperature is 

low enough to permit it to be used without cooling. Germanium normally requires cooling to liquid air tem- 

peratures to obtain the greatest sensitivity. At the same time, germanium is superior to silicon for 

detection and resolution of high energy gama radiation because of its higher atomic number. Both materi- 

als can be drifted with lithium ions to increase their resistivity. Sensitive depths up to 1 cm have been 

achieved in silicon surface barrier detectors by this technique, leading to detectors capable of better 

pulse height resolution than scintillation detectors for gamma radiation of less than 2 MeV. Of course, 

the counting efficiency of these semiconductor detectors remains in the vicinity of 1%. We can expect that 

new semiconductor materials will be investigated within the next few years which will extend the range of 

gamma energy and increase detection efficiency. Cadmium telluride and gallium arsenide appear to be par- 

ticularly attractive in this respect . 

Perhaps equally exciting to the nuclear physicist and chemist has been the appearance of advanced elec- 

tronic equipment to accompany the improved detectors. Transistorized pulse height analyzers of up to 400 

channels are part of the equipment of most of the larger nuclear laboratories in the United States today, 

-9 (65) 
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anti fllr more complex systems in which coincidences, anticoincidences, or time-delay relationships are 

recorded, it is possible to obtain instrumentation with up to 20,000 channels of recorded information, each 

c.hannel having storage of up to lo5 counts. The subject of multiparameter analysis o€ this type is receiv- 

Ing great attention, since the capacity to record data has now exceeded the capacity to analyze the signif- 

icance of the data, At a conference held in 1962 in the United States, applications of multi-parameter 

analysis in nuclear physics was discussed, and evidence of the progress being made in this complex field 

was ::ubstantlal . 
To the person interested in radioisotopes technology, the techniques of greatest interest are those in 

which a mixture of gamma spectra from the simultaneous decay of several isotopes is resolved into the con- 

stituent spectra, permitting quantitative identification of the isotopic mixture, or resolution of the com- 

plex decay mode of a radioisotope. Such procedures are of utmost importance in neutron activation analysis, 

and a number of laboratories are vigorously attacking the problemtb8). The approach being employed is 

first to assemble a “catalog” of the spectra of all isotopes of interest in a standard detector geometry 

and to record the information on punched or magnetic tape by means of an analogue-to-digital converter. 

An unknown spectrum is then recorded and stored in similar fashion, and a high speed computer is then 

employed to make comparisons of peaks, sort out individual spectra, and finally calculate the relative 

amounts of identified isotopes present. 

eral orders of magnitude in comparison to hand computations. 

Excellent summaries of this and other applications of multi-parameter and computer analysis to radioisotope 

work have been published by several of the prominent workers in the field (69s70D71). 

bination of pulse height analyzers and computer memories, plus fast and graphic readout systems, facili- 

tates the performance of ordinarily laborious tasks such as calculation of the pulse-height response of a 

scintillation crystal as a function of gamma-ray energy, computation of coincidence sum spectra for coinci- 

dent or cascade gamma emission, resolution of superimposed photopeaks, and angular correlations of coinci- 

dent events. 

One particular area that has benefited greatly from such advances in automation and instrumentation, has 

been nuclear activation analysis. 

used laboratory procedure to a method reknowned for its sensitivity and diversity of appli~ation(~~”~). 

THE FUTURE OF RADIOISOTOPE APPLICATIONS 

Notwithstanding all of the advances made in the short period of six years, our optimism for the future is 

tempered with the sobering thought that much remains to be done before the potentials for the use of radio- 

isotopes in science and industry are more fully realized. More detailed education of scientists and engi- 

neers, who are not nuclear specialists, is required to acquaint them with the unique characteristics and 

versatile capabilities of radioisotopes, as well as their already proven applications. Scientists and 

engineers so educated could employ radioisotope technology as a ready tool in the sane manner as the more 

conventional techniques of chemistry, physics, and other basic disciplines. 

Regulation of the use of radioisotopes by governmental agencies is still too restrictive in some instances. 

However, many gains have been made in extending the freedom of use of these materials while maintaining 

good safety practices. Industrial management has not yet fully recognized that the use of radioisotopes 

can provide substantial savings in time and money not possible by other means. 

program of education at all levels. 

Scveral predictions of technical advances to be realized have been made earlier. 

mey,acurie quantities of specific radioisotopes in use for radiation processing, for small electric power 

generators and for space heat applications. 

as in explorations from the bottom of the sea to outer space -- at the extremes of our environment. ~t has 

been sdid before, and it may need to be repeated for many decades, that the applications of isotopes will 

be limited only by man’s ingenuity. 

(07) 

The time required to perform the analysis is thus reduced by sev- 

In general, the com- 

In recent years, this important technique has grown from an infrequently 

This requires a continuing 

We can expect to see many 

We will see them become employed in more routine ways as well 

-9- 
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